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Non-Technical Summary
Trust is an essential ingredient of social life. But trust is not considered an essential ingredient in the models of selfish behavior on which modern economic theory is built. In the present study, we investigate theoretically and empirically the effects of trust on economic interaction. Our empirical object of analysis is the interaction between key upstream suppliers into the German automotive industry, and their German buyers.
We start from a simple model of procurement in such an industry. The situation is characterized by strong buyer power. Our notion of trust is related to that situation. It is associated with the upstream supplier's belief in being compensated for his buyer-specific investment into a product supplied to a specific automotive manufacturer. Within that model, we show that the upstream supplier's relationship-specific investment increases in that belief. In contrast to the existing literature emphasizing exclusivity in trust relationships, we furthermore show that increasing trust specified this way allows the procuring automotive manufacturer to induce more competition between the upstream suppliers, because this way he can extract a higher rent from the interaction.
Our empirical analysis rests on an extensive survey research study on the interaction between first tear upstream suppliers and the automotive manufacturers in the German automotive industry, that we conducted for the German Association of Automotive Manufacturers (VDA).
While the idea that increasing trust should increase the supplier's buyer-specific investment has been around in the theoretical literature for a while, we show for the first time empirically that trust in a specific institution -in this case of the upstream supplier into the behavior of the procuring automotive manufacturer, induces increased buyer-specific investment by that supplier, that results in lesser failure rates of the part produced. Most importantly, and in contrast to the existing literature, we demonstrate also empirically that increasing trust is unequivocally associated with increasing competition in procurement, as induced by the procuring automotive manufacturer.
Introduction
Trust is a key ingredient of social life. We teach children to trust each other and we all understand that in a world where social relations are governed by trust, life is simpler and more pleasant. However, when we study social interactions as economists, we tend to focus almost exclusively on selfish motives. In recent years, however, sociologists and economists has started paying attention to social interactions based on trust and fairness and the cooperative behavior induced by them.
1 The implications of these concepts of trust substantively go beyond cooperation enforced by punishment threats in infinitely repeated interactions and are at the core of the theory of relational contracts.
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In these models, trust induces informal contracts that may efficiently replace legally enforced ones. In particular, if an agent trusts that he is being treated fairly by his trading partner, an efficient amount of relationship specific investment will be fostered.
This is one of the general conclusions drawn from the literature on relational contracting, which we want to bring to a test. To be able to do this we need the object of trust, as recorded in the evidence, to be an individual, or a specific institution.
By contrast, most of the survey evidence on trust used to analyze its social implications, focuses on groups or large populations as the objects of trust. In particular, in the World View Survey, on which most of the empirical literature on the subject is based, respondents are asked to evaluate their trust in the population of a country. Their responses are used to analyze aggregate consequences on financial and goods markets.
To the best of our knowledge, there is very little if any empirical evidence on trust towards individuals or institutions, and its impacts on these individuals' or firms' behavior. The present paper tries to fill this gap by evaluating how trust impacts the design, production and exchange of complex products, namely the blueprints resulting from innovative investments by first tier upstream suppliers into the production of automobiles.
Upstream buyer-supplier relationships in automobile production are an extraordinarily good field in which to conduct such a study, for several reasons. The supply of a product is preceded by substantive research and development, that is at the same time buyer un-specific and buyer specific. 3 The resulting intermediate product, or part,
1 In Section 2 below we briefly discuss the existing literature.
2 See Gibbons (2011) for a detailed account of relational contracts from an economist's perspective. 3 In contrast to the US and Japan, in the Central European car manufacturing industry, upstream however, almost always exhibits buyer-specific features, and is characterized by a particularly high level of complexity. The final product, the automobile, exhibits strict complementarities between all contributing parts. In all, efficiency considerations necessitate the early and lasting co-operation between the agents involved in the design and the production of all the parts of an automobile. This however is usually associated with a superior market power on the part of the car manufacturers vis-à-vis their suppliers.
In other words, there is a clear tradeoff between attaining the desired quality levels and the manufacturers' short-term incentives to extract suppliers' rents.
The data set we are basing our analysis on is a vast survey of the German car manufacturing industry conducted under the auspices of the German Automotive Industry Association (VDA). 4 Within this data set we explore the object of the contract (relational or explicit) between the car manufacturers and the suppliers, the contracting environment, and both contracting partners' evaluations of their relationship. In particular, we do have survey evidence of the suppliers' perception of the contracting relationship with the automotive producers they develop and produce for, as well as the corresponding evidence of the car manufacturers' perception of the same relationship.
When doing this we are able to distinguish among individual products taken from one of four categories differentiated by complexity. The contracting relationship is then documented in all development and production phases. In particular, the suppliers involved in the survey were asked about their contracting relationship by product development and production phase, product, and car manufacturer.
In order to organize our empirical analysis, we first develop a theoretical model of the procurement relationship. We extract two predictions from it. First, not surprisingly, higher levels of trust lead to higher relationship specific investments. Second, more surprisingly, an increase in trust is associated with more competition in the procurement process. The reason is that competition can be a substitute for other forms of rent extraction on the part of the car manufacturer. Stronger competition induced by the manufacturer is then associated with higher levels of suppliers' trust.
More specifically, we define an upstream supplier's trust in the downstream buyer as his belief that the buyer would not exploit his bargaining power in the hold-up situation, by extracting rents. This definition strikes us as closer to the sociological and colloquial suppliers are responsible for much of the ground-breaking basic research, which is then adapted to the specific needs of individual car models. 4 Verband Deutscher Automobilunternehmen e.V.
reading of the term "trust". In particular, A trusts B to do something (or refrain from doing something) which is in B's realm of influence, if no explicit legal constraints require B to behave in this way. The measures of trust that we generate are relationshipspecific instead of subject specific. We analyze the determinants of suppliers' trust in the manufacturer using their reported past behavior.
We provide hard evidence in support of the prediction that higher levels of suppliers' trust lead to higher relationship-specific investment, proxied here by the quality, namely lower failure-rates, of the specific product supplied. While this is congruent with predictions from many theoretical models, it is, to the best of our knowledge, the first empirical test of this prediction.
More surprisingly, we show that, as opposed to the extant literature on relational contracting, trust and competition between upstream suppliers and the downstream firm are not necessarily mutually exclusive. The prediction of our model is confirmed by our empirical test: More intense suppliers' competition, as induced by the buyer's procurement scheme, is associated with higher suppliers' trust in the downstream firm.
The remainder of the paper is organized as follows. After briefly outlining the related theoretical and empirical literature in Section 2, we develop, in Section 3, a simple model.
We are thus able to derive two hypotheses on the effects of trust on vertical relationships.
In Section 4, we first introduce the survey on which our empirical analysis is based.
We then present potential measures of trust and evaluate what they capture. Section 5 develops our empirical analysis. It analyses how trust between manufacturers and suppliers is related to the two central questions, namely suppliers' (under-)investment and sourcing decisions. Section 6 concludes.
2 Literature Review
Theoretical Literature
A business relationship that does not resort to legal means of enforcement would in colloquial terms be interpreted as based on "trust". In this sense, trust is the basis for relational contracts. There is a rich theory on relational contracting in different contexts, beginning with Bull (1987) who provides the original repeated games-framework to analyze employment relationships. As far as employment contracts are concerned, Baker, Gibbons, and Murphy (1994) demonstrate how the combination of formal and relational contracts can lead to better results than either instrument could achieve alone.
Interestingly, formal and relational contracts can be substitutes (if either works almost perfectly) or complements.
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More recently, research has focused on more general settings, searching for optimal contract design. Levin (2003) finds that while under moral hazard optimal relational contracts exist and are relatively simple, under hidden information cases arise in which agents do not respond at all to the incentives provided therein. Calzolari and Spagnolo (2009) further extend this case. While in their model the relationship between a principal repeatedly interacting with an agent can suffer from both moral hazard and hidden information, they allow the principal to screen, and select from competing, but potentially colluding agents. In situations in which non-contractible factors contribute more to the principal's payoff, they find the intuitively appealing result that the principal will rely more heavily on relational contracts with a smaller set of agents. By contrast, in "simpler" settings in which the most important issues are contractible, the principal will rely more on competition among agents. Brown, Falk, and Fehr (2004) carry out an experimental study focussing on the effects of the enforceability of contracts. Much in line with the theoretical results described above, they find that as enforcement becomes more effective, the original long-term rent-sharing relationships are replaced by short-term arms-length agreements. In their specific setting, this can be taken as evidence that formal and relational contracts are substitutes.
The models described above have in common that relational contracts and competition are polar concepts-you either rely on handshakes or you prefer arms-length market interactions. By contrast, we show in our analytical model, as well as the empirical analysis, that trust and competition can actually be complements in a hold-up setting, if competition is used as a mechanism of extracting rent from one of several individuals, instead of resorting to extracting rents from the same individual through superior bargaining power. As the concept of trust that we propose is not fully congruent with relational contracts, our result can be seen as complementing this literature.
Empirical Literature
Trust has for some time drawn considerable attention and scrutiny from experimental and empirical economists. 6 Yet some of the more experimental literature has been rather cautious about using this term, even actively trying to avoid it (see for example the discussion in MacLeod (2007) In contrast to the research mentioned so far, Butler, Giuliano, and Guiso (2009) 
Analytical Framework
We introduce in this section a simple model, with two main goals in mind: Clearly define the concept of trust that we wish to work with, and derive robust predictions that we can bring to the data and test.
In line with our observations on upstream procurement, we focus on how competition between suppliers -as induced by the original equipment manufacturer (OEM hereafter) -relates to issues of under-investment due to hold-up problems. What we observe in reality when a new part is to be developed and procured is that in many cases several suppliers are invited to develop a blueprint that is supposed to match the OEM's specifications. Depending on the development stage, these can range from extremely vague (pre-development up to 3 years in advance of series production) to rather specific (detailed development about 6-9 months prior to series production). A large part of the compensation to the supplier for the development effort is comprised in the OEM's subsequent business regarding series production or more detailed developmentbut in these later phases only a subset (often only one firm) of the previously employed suppliers will be awarded the second contract.
Structure and Timing of the Procurement Game
Consider a monopolistic OEM who needs the input of one supplier towards producing output of value v(θ i , I i ), where θ i designates the intrinsic quality and I i the effort choice of supplier i to be defined exactly below.
At t = 0, the OEM irreversibly chooses, from a large pool consisting of ex-ante identical potential suppliers, n of them and invites them to develop and submit a blueprint for the part it wants to procure. The OEM incurs a cost k of selecting an additional supplier in the development stage, so that the total costs associated with the development phase are nk. 10 Each supplier i selected by the OEM independently draws an intrinsic quality parameter θ i from the publicly known continuous distribution Q(θ) with domain [0, 1]. There are many ways to interpret this parameter -for example it could 10 The cost k could be interpreted as the setup investment the OEM has to make with the supplier in order for the latter to develop a blueprint compatible with the model in the OEM production line. Alternatively, this could be repayment of costs that the OEM owes to each supplier involved in the development stage. In either case, for simplicity we take this cost to be independent of the supplier's investment. At t = 1, the suppliers' qualities and investment choices become common knowledge.
Only one of the suppliers receives a second contract. He is selected in the following way. If n = 1, then this supplier is awarded the contract. Otherwise, the suppliers engage in Bertrand competition under perfectly symmetric information. Supplier i proposes a bid b i , and the supplier with the highest bid is awarded the contract.
Finally, at t = 2, the supplier that submitted the winning bid; and the OEM bargain over how to share the joint surplus from production v(θ i , I i ), which is strictly increasing and concave in both θ i and I i . In this bargaining process, we denote by g the OEM's exogenously given outside option. The supplier's outside option is instead endogenously determined by his effort choice and is an exogenously given share σ ∈ (0, 1) of the surplus from production, σv(θ i , I i ). In other words, the surplus generated by the supplier's investment within the relationship is strictly greater than the surplus obtained from that investment outside the relationship. Moreover, the marginal return from the investment is also higher within the relationship than outside it.
The first best investment level I * is determined by the first order condition
where I * (θ) denotes the first best level of investment for the supplier of type θ. Any
In what follows we analyze two polar configurations of the bargaining power in the negotiation at t = 2. We first consider the case in which the OEM has full bargaining power (case FBO). We then consider the case in which the supplier has full bargaining power and makes a take-it-or-leave-it offer to the OEM (case FBS ). One possible inter-pretation of these cases is that the supplier owns the property rights of the blueprints developed at t = 1. In the FBO case the OEM expropriates the supplier of these property rights without any fear of repercussions, while in the FBS case the OEM honors these property rights.
Results
We here solve for the Subgame Perfect equilibrium (SPE) of our model distinguishing between the two cases described above.
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We start from the FBO case where the whole bargaining power resides with the OEM.
At t = 2, the OEM offers the winning supplier i the fixed payment T maximizing
The SPE of the bargaining subgame is such that the OEM offers exactly T = σv(θ i , I i ), and the supplier accepts.
We now move backward to period t = 1 and the Bertrand competition game among suppliers. We just have seen that the supplier awarded the second period contract will obtain an offer equivalent to his outside option, so that he is indifferent between winning and losing the bid. 12 Nevertheless, the expected valuation v increases in n: As suppliers are indifferent, and there is symmetric information at this point, the OEM is able to select the highest-quality supplier out of n. Mathematically, this is a simple order statistic problem. The maximum order statistic with n draws follows the distribution
The corresponding expectation is therefore increasing in the number of suppliers n, leading to a higher expected quality θ i of the highest quality supplier among the competitors, without affecting their investment incentives.
We can now move backward to t = 0 and the supplier's investment choice. This 11 When solving backward the model we restrict attention to the set of cautious equilibria of the Bertrand competition game. The basic idea behind this equilibrium concept is that no supplier should be willing to make a bid that would leave the supplier in the case he wins worse off relative to the equilibrium if he refused to participate in the Bertrand game. The dynamic version of the same equilibrium notion has been used in the analysis of Bergemann and Välimäki (1996) and Felli and Harris (1996) . In our static environment a cautious equilibrium is equivalent to an equilibrium in weakly dominant strategies.
12 The winning bidder receives his outside option as the outcome of t = 2 bargaining, the losing suppliers receive it because they have to fall back on it.
supplier faces the following maximization problem:
with first order condition
where I
F BO i
denotes the supplier's optimal investment level as a function of θ i . In this setting therefore the typical supplier under-invests, so I
ex ante expected profit of the OEM is
associated with the expected quality and investment of the highest quality supplier denoted θ 1 . The OEM benefits from larger n only through the higher expected quality of the best supplier and extracts the entire value. The optimal n F BO is then chosen so that the marginal benefits from the expected profit gains is just below the costs for
Consider, now, the FBS case where the whole bargaining power resides with the supplier.
Focus first on the case n = 1, in which a single supplier has been chosen at t = 0. At t = 2, the unique SPE of the bargaining subgame is for the supplier to offer the outside option, g, to the OEM. This outside option does not depend upon the effort provided by the chosen supplier. 13 In period t = 0, the supplier's maximization problem is
leading to the first order condition
Obviously, this contract induces first best effort choice I * (θ) by the supplier, who in this case absorbs all rents of the project.
13 The results from contacting another supplier do not directly depend on the effort the first supplier has provided.
The case in which suppliers compete at t = 1 differs substantially. Consider first the bargaining subgame at t = 2 between the OEM and the supplier that prevailed in the Bertrand competition game, with the winning bid denoted b 1 . We will see that in equilibrium this bid coincides with the OEM's endogenous outside option. The next question is then how high will the suppliers be willing to bid? Ignoring the investment costs that are sunk at this stage, the winner i's payoff is the total surplus of the project minus his bid, that is v(θ i , I(θ i )) − b i , while the losing bidders j still obtain their outside option worth σv(θ j , I(θ j )). The suppliers derive higher rents from winning the competition, as long as their bid is smaller thanb i := (1 − σ)v(θ i , I(θ i )).
At t = 1, the suppliers competeà la Bertrand. As mentioned above, at this stage, the individual qualities and investment levels are common knowledge.
14 The cautious equilibrium of the Bertrand game is for the most efficient supplier i, with
, to win by submitting an offer to the OEM, that coincides with the one submitted by the second most efficient supplier and that makes the latter indifferent between being selected or not. 15 In other words, if we denote the most efficient supplier as supplier 1 and the second most efficient supplier as 2, the equilibrium
To understand the economic mechanisms at play here, it is helpful to consider the OEM's payoffs at given levels of investment and given the choice of suppliers n. Denote the most efficient supplier as supplier 1 and the second most efficient supplier as 2.
The OEM's payoff for given investments is simply (1 − σ)v(θ 2 , I(θ 2 )) − nk, which is equivalent to the surplus the second most efficient supplier would receive if running the project, minus the OEM's costs of soliciting the n offers. Ignoring the investment incentives for the moment, two effects are at play. As for the first effect: just as in the FBO case the expected quality of the second best supplier improves when increasing n -though because of Bertrand competition it follows the second instead of the highest order statistic distribution. This is a level effect. The OEM profits from the overall expected quality increase. To understand the second effect it is useful to first derive the surplus of the most efficient supplier net of his outside option (ignoring the sunk effort costs incurred in the previous period):
While in the FBO case the OEM uses his bargaining power to absorb the entire surplus from cooperation no matter how many suppliers compete, now the most efficient supplier captures a share of this surplus, determined by the difference in surplus between his and the second best design. As n becomes larger this difference shrinks, so that the OEM receives a greater share of the surplus. This is the second effect mentioned above.
Now we turn to the suppliers' investment decision at t = 0. First consider the expected payoff of the supplier that is eventually awarded the production contract, conditional on the number of suppliers involved in the competition and the realization of his own quality θ i . This is
Hence the payoff of the supplier receiving the production contract is the value produced minus his investment costs and the expected surplus generated by the second best supplier. Denote the latter term ν(θ 2 , I(θ 2 ), n). This term is independent of the suppliers' investment I(θ 1 ) and increases in the number of suppliers involved for given levels of investment. Clearly, supplier i does not receive this payoff with certainty, but instead he anticipates that he will be awarded the subsequent contract only if he is the most efficient supplier. Since at this point the intrinsic quality of the other suppliers is unknown, the supplier expects this event to take place with probability
The supplier i's maximization problem at t = 0 is then:
This leads to the first order condition with respect to optimal investment:
We observe a number of countervailing effects. On the one hand, investment incentives are somewhat diluted, as the supplier only profits from the added value with positive probability less than unity (unless n = 1). On the other hand, by choosing higher levels of investment he can increase the probability that the contract will be awarded to him. Notice that, irrespective of the number of suppliers n, the investment incentives are strictly higher in the present FBS case than in the FBO case: while in the latter, the suppliers never get any share of the surplus they generate within the relationship in excess of their outside option, they get in the former case some of that surplus in expectation, even if incentives are diluted by competition. In other words, suppliers undertake higher effort in the FBS case. Only as n gets very large, the effort levels converge to the levels in the former case.
Denote the supplier i's investment choice in the FBS case by I F BS (θ i ), and the most and second most efficient suppliers as supplier 1 and supplier 2, respectively, the expected profits of the OEM in this case are
At first blush, equations (3) and (9) may be interpreted as the OEM's profits are necessarily higher in the FBO case, as one is comparing the first with the second order statistic. But unlike the FBO case, in which the supplier's investment level was not affected by the choice of n, here the supplier's investment choice does depend on the level of competition and is, at the same time, strictly larger than above. As a result, we cannot in general rank the two profit levels. This is the key tradeoff. In the short run (for given suppliers' investments) the expropriation of the supplier leads to higher profits for the OEM. However, in the long run, when the suppliers' investments adjust to the new situation this dominance is not necessarily true. In Section 3.3.1 below we reinterpret this tradeoff in terms of trust and competition.
We consider now the OEM choice of the optimal number of suppliers in the two cases. In the FBO case, the only effect of increasing n is that the expected quality of the best supplier increases. In the FBS case, instead, three different effects are in play.
First, as in the FBO case, the higher n, the higher the expected quality of supplieralthough here only the quality of the second most efficient supplier matters. Second, the higher n, the higher is the share of the surplus absorbed by the OEM. Third, a higher n decreases each supplier's chance of being the winner of the production contract and hence decreases the typical supplier's incentive to invest. It is clear that if the first two effects are the dominant ones the overall effect of an increase in n is greater in the FBS as opposed to the FBO case. In other words, the OEM would choose a higher n in the FBS case, were it not for the investment effect. Indeed, when n → ∞, the second order statistic approaches the first order statistic from below. As both are monotonic increasing, the slope of the second order statistic must be strictly greater. As a result, the OEM will choose a higher n in the FBS case than in the FBO one. This is true unless the investment-deterring effect of increasing n is "large" relative to the other two effects.
Consider a parameterized example illustrating this result. Let supplier quality be uniformly distributed so that Q(θ) = θ, the typical supplier's investment cost function be c(I) = I 2 /2, the surplus derived from cooperation be v(θ, I) = θI, and the OEM's outside option be g = 0. The closed-form solutions to this example are summarized in the following table: 
In the FBS case, the suppliers' investment is higher by (1 − σ)θ n than in the FBO case. When n increases, investment incentives decrease, but due to the functional form, as θ → 1, this effect becomes progressively smaller. In other words, the "wedge" in the expected value of v between the FBO and the FBS cases is strictly positive even as the number of suppliers increases unboundedly. As for the optimal choice of n, we can compare the expected profits in the third column of Table 1 . First, compare only the first terms of EΠ is also strictly increasing in n, which reflects the higher share of the (larger) total surplus being captured by the OEM. Therefore (∂EΠ
)/(∂n) and the OEM's optimal choice of n is larger in the FBS case than in FBO one. Figure 1 depicts the OEM's profits in these two cases and provides an example where the optimal choice of n is larger under F BS than under F BO for both high and low values of k.
Notice that while it is not clear whether expected profits are higher under F BS or F BO, in general, the optimally chosen n is such that: n F BO < n F BS .
A Model of Trust

Definition of Trust
We have not yet discussed how trust enters in our setting. Assume that prior to the investment choice, it is not certain which case will be relevant later on in the game.
With probability λ it is the supplier who makes the take-it-or-leave-it offer in period 2 (FBS case), while with probability 1 − λ it is the OEM who makes the offer (FBO case).
Hence with probability λ the supplier is able to capture a share of the surplus in excess of his outside option.
How An alternative interpretation of λ could be generated by interpreting our game as the stage game of an infinitely repeated game. If we restrict ourselves to Markov strategies and think of λ as the state variable that summarizes the previous history of play, then when the stage game we observe is played, λ is given and represents the players' beliefs that the FBS case will apply, that is the probability with which the OEM respects the supplier's property rights. This is the definition of trust we will use in the reminder of the paper. Higher values of λ denote a higher belief that the OEM will grant the supplier the full value of the surplus generated within the relationship (in excess of his outside option) -in other words, the higher λ, the more the supplier trusts that the OEM will not exploit his superior market power that we are taking for granted.
We do not spell out here the infinitely repeated game. First, the data set on which we base our empirical analysis is cross-sectional without a panel-dimension. Therefore, what we observe can be considered exactly a one stage game, in which the current levels of trust are exogenously given. Second, looking at this reduced form allows us to remain agnostic about the reasons for the OEM wanting to grant the supplier a share of the surplus. As in Taylor and Wiggins (1997) and Aghion, Dewatripont, and Rey (2002) there could be a tradeoff between rent extraction and costs of control, or it may be worth while to make the supplier fear the consequences of the relationship being terminated as in Akerlof and Yellen (1990) .
We can, therefore, summarize our definition of trust as follows: In a bilateral relationship affected by a hold-up problem, we consider trust as the belief by the party with no bargaining power that its counterpart will not exploit its stronger bargaining position by appropriating the whole surplus from the relationship.
Empirical Hypotheses
We are now ready to specify the two predictions of our analysis that we want to bring to the data.
Hypothesis 1 Higher levels of supplier trust in the OEM are associated with higher relationship specific investments by suppliers.
As seen in Subsection 3.2 above, this holds for any given procurement strategy chosen by the OEM -but even this reduced form model conveys some of the complexity of the procurement decision, which also depends on the level of quality uncertainty regarding the product. Clearly, all else given, higher levels of quality uncertainty will induce procurers to induce competition between more suppliers.
While we get a straightforward prediction as to the relationship between trust and investment, the analysis regarding the level of competition induced by the OEM is more complex and surprising. In a large part of the relational contracting literature, it is argued that depending, for example, on the enforceability of complex clauses, competitive arms-length agreements on the one hand and relational contracts on the other will be used in mutually exclusive settings. Supported by these findings one might expect, Π n at first blush, that supplier-OEM relationships governed by trust (with relatively high λ) should be associated with less induced competition (lower n). Yet our model above shows that generically the opposite is true, as λ simply generates a convex combination between the two cases, in the FBS case a higher level of competition is optimally induced. For the numerical example detailed in Table 1 above, Figure 2 displays how the optimal n increases as λ increases from 0 to 1.
The intuition behind this result is as simple as it is striking. In the FBO setting, the OEM extracts the supplier's entire rent through his superior bargaining position, exploiting the existing hold-up situation. In the FBS setting, he forgoes this opportunity.
Yet by inducing competition by a choice of a higher n he uses the endogenous outside option, that does not directly affect the supplier's investment incentives, to extract rent.
The result is that trust and competition are complements. Our second hypothesis from the formal model is then:
Hypothesis 2 Higher levels of supplier trust in the OEM are associated with more intense supplier competition in the procurement process.
In what follows we bring both Hypotheses 1 and 2 to the data and test whether they
are reflected in what we observe in the German car manufacturers industry in recent years.
Data and Descriptive Statistics 4.1 Data Source
Our data are the outcome of an online questionnaire study that we conducted under the Modules: physically large but technologically unsophisticated (e.g. front ends);
Systems: physically large and technologically sophisticated (e.g. break systems).
In total, more than 1,500 questionnaires were filled in by competent engineers, procurement and sales officers. A participant first would have to indicate his function within the company out of the following seven: 21 pre-development ("basic" technological research, not model-specific technological development), vehicle development (car-model specific technology adaptation), series production, quality control, sales, logistics, aftermarket. Finally, the participant was asked to choose a product for which he had the necessary know-how, as well as the customers he worked with. For each product and customer, he would then answer the set of questions suited to his function within the company.
In our data set, we define one observation to be the set of answers to the entire supplier questionnaire for a given product and customer. Potentially, therefore, multiple individuals, working for the same supplier, provided answers to different parts of the questionnaire. In order to obtain observations that covered as much of the questionnaire as possible, we merged the answers received from a given supplier for a given product class and customer over all functions to cover all aspects of the relationship. 
Descriptive Statistics
With the underlying questionnaire we sought to depict complex relationships in hitherto unmatched detail. Therefore, we first introduce (perhaps in more than usual detail) the variables we focus on, in the hope to shed some light on the basic forces and tensions that are at play between manufacturers and suppliers.
Participating Companies, Class Specification and Bargaining Power
On the OEM side, 10 of the 11 manufacturers producing in Germany participated in the survey, 7 producers of passenger cars and 3 truck makers. One might worry that the larger suppliers are able to exert monopoly power over
OEMs for some of the parts we study. As a result we might pick up the effects of differentials in relative bargaining power instead of differentials in trust, as discussed in the theoretical model above. Using data from a separate commercial database, 24 we verified that each product in our sample was produced by at least two firms active in the German market. Further, we use proxies to control for relative market power in our regressions, as this may clearly affect bargaining strength and the OEM's outside option, as described below.
The first proxy for relative bargaining power is the relative size of the companies, therefore we include the 2007 revenues of suppliers in the regressions. The second set of proxies is related to the product class or type specification introduced above, which are strongly related to relationship specificity: Suppliers were asked to estimate the R&D-share of total costs as well as assess the importance of the degree of innovation for the particular part. Both items are measured on a 5-point scale -the importance ranging from 1, "very little", to 5, "very high" -while the R&D cost-shares were provided in 2% increments -ranging from less than 2% to more than 8%. As one would expect, the answers to the questions are strongly correlated (0.27, p-level below 0.1%).
More interestingly, though, this grants us a better understanding of the underlying typeclassification. Table 2 displays the descriptive statistics for these questions by underlying product class.
Performing pairwise t-tests shows that the means for both variables are significantly 24 "Who supplies whom" collected by supplierbusiness.com. lower for commodities and modules than for systems and components, while among these two groups the hypothesis of equal means cannot be rejected, which is in line with the product class specification. To use as many of our observations as possible, we capture the technological sophistication of a part (and, in a sense, the specificity of the relationship) by introducing a dummy variable which takes the value 1 if the part is a system or component. We also introduce a dummy taking the value 1 for systems and modules, in order to account for potential price differences due to the sheer size of the part. To account for potential system-specific effects, we also introduce the interaction term between the two dummies. 25 Finally, to capture remaining effects of market structure, we include "customer fixed effects," that is dummies for each of the individual OEMs in the regressions.
Product Development Life-cycle and Supplier Competition
In our theoretical model, we depict two different stages in the development life-cycle of a product: The development stage, in which suppliers invest to create a blueprint, and the production phase, in which the surplus is generated and allocated. While clearly a simplification, this structure is mirrored in our data. Indeed, we observe three distinct phases in the product life-cycle: pre-development, development and series production.
Below, we briefly sketch these phases and describe how we use them in our empirical approach.
In series production, suppliers work with existing blueprints and completely designed (or existing) tools to produce the part in question. The product and services can be clearly specified through contracts, determining in detail, for example, acceptable failure rates and delivery conditions. None of this is possible in the model-specific development phase. While the desired functionality of a part can be described, potentially highly complex interfaces with other parts cannot be specified ex-ante. Blue-prints for the part do not exist at the beginning of the design phase, indeed they are the outcome of such a phase. The evolution of interfaces in the course of the part's (and other parts' simultaneous) design poses limitations to precise specifications in ex ante contracts;
this requires a continuous cooperative process. Pre-development covers R&D on new technology, often purely based on the supplier's initiative. By necessity, even if this involves contracts, they cannot be clearly specified. For example, take the design of a new brake-technology: Engineers may have no knowledge of how fast or heavy is the car model, in which this breake-system will be implemented. Pre-development often involves fundamental research, as a result it is even harder to write enforceable contracts on the expected outcomes.
26
How do the OEMs' procurement decisions differ over the different development phases? Parallel to the theoretical model, we asked how many competing suppliers worked on the product in question within each of the design and production stages.
For this set of questions, the development stage was further subdivided into the four subphases (starting with the earliest): product planning, product specification, concept development and detailed development. Detailed development generates the final blueprint -this is what we interpret as the investment period in our theoretical model.
For series production, we observe the number of suppliers at series start, after 1-2 years and after more than 2 years.
For pre-development on average more than two (2.16) suppliers compete. 27 This number stays about constant in the first three stages of development, before it significantly decreases for the last development phase down to 1.51. 28 It reaches its nadir at the beginning of series production with 1.20, before it increases again to 1.59 two years into production. 29 How can we interpret these results? During pre-development, the OEMs have multiple hand-picked suppliers work in parallel on the designs. The most promising approach is brought into the development process. As the contractual reimbursement for pre-development work is on average below 60% of the actual costs, whether or not the company is awarded a subsequent development contract, there is a strong incentive for suppliers to do everything possible for their preliminary design to be
selected. An analogous process is repeated again for the development process, resulting in the specific blueprint. With this, the quality uncertainty is practically eliminated,
given that firms are generally certified through stringent quality assurance processes. In production, fewer suppliers with higher volumes promise the highest economies of scales and the steepest learning curves. In addition, obtaining a sole production contract is the carrot waiving in front of the suppliers in the previous design and investment process.
Therefore the number of suppliers drops significantly at production start, in most cases down to a sole producer. Once the learning curve effects have been realized, the OEM can start to bring additional suppliers in.
These considerations are supported by a second set of observations. The respondents were asked to specify how often different procurement strategies are employed by the OEM for the product class in question in each of the different stages. 30 For pre-development, the options offered were preselection of a specific supplier and procurement among a limited number of suppliers, each on a 6-point scale from 1 (never) to 6 (very frequently). For development and series production, open procurement was added as a further option. From the above, we would expect a shift from relational to more arms-length contracting over the three phases and the results clearly support this hypothesis.
For pre-development, OEMs are significantly more likely to contract with specific suppliers (mean 4.43) than to go through a limited competitive procurement process (mean 3.95, t-test for difference of means significant at 1% level). 31 In contrast to this, pre-selection of suppliers is significantly less likely both for development (mean 3.06)
29 See Table 11 in the Appendix. 30 Note that there is substantial variation in this measure as the pre-development, development and production of parts are often procured separately. In addition, production is frequently procured anew for each new series of a given model. There may be a new procurement process every 18 to 24 months, and different strategies could be used at different points in time.
31 See Table 9 in the Appendix.
and series production (mean 2.98). 32 For development, the OEMs are significantly more likely to procure among a limited number of suppliers (mean 5.18), so there is a clear shift to more market-based interactions from pre-development to development. 
Measures of Trust
Trust is a sensitive concept which has proven to some degree elusive to attempts at explanation and measurement by economists. Existing studies have mostly employed either experimental/behavioral evidence, or subjects' answers to variations on the question "Can other people be trusted in general?" so the addressees of trust were not specified.
In contrast, our data has the advantage that it is relationship-specific. We ask representatives of company A about their specific evaluation of the trust relationship with company B with regard to the interactions concerning a type of product in three ways, each with a slightly different emphasis:
1) What is the importance of trust for your firm's decision to initialise a pre-development with the OEM?
2) How do you evalute mutual trust between OEM and supplier with respect to honoring each others intellectual property rights?
3) Please evaluate the importance of mutual trust between the supplier and OEM for the OEM's supplier selection (respectively for each of the 3 product developments stages)
In a separate appendix, 35 we show in detail that the resulting measures are strongly positively correlated with each-other, as well as by which measures of OEM behavior, such as aggressive price re-negotiations, they are affected. In addition, we perform a factor analysis to demonstrate that significant shares of the variation in the measures 32 See Tables 10 and 11 in can be explained by a single underlying factor. In the analysis below we use the third measure, in our view the most consistent of these measures both in terms of the phrasing of the question as well as the results of the factor analysis.
For these questions, suppliers were asked to evaluate the OEM's supplier choice criteria on a six-point scale from 1 (no relevance) to 6 (very important), for each of the phases in the product life-cycle. In the immediate context, they were also asked to evaluate the importance of price on the same scale. To counter idiosyncratic answers, we normalize the trust answers by taking differences between the importance of trust and price. To make use of as much available information as possible, we use the arithmetic mean of the normalized answers over the three product development stages as our trust measure, which has a mean of -.646, a minimum of -4, a maximum of 2.33 and a standard deviation of 1.02, with 229 observations.
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Empirical Analysis
In this section, we directly test the two hypotheses generated in the theoretical section using this trust measure. Each question is related to central aspects of the buyer-supplier relationships: First we study how trust is related to relationship specific investment, and then we consider the correlation between trust and the level of supplier competition induced by the OEM (measured by the number of competing suppliers).
There is one important caveat. Due to the cross-sectional structure of our data set, determining the direction of causality is an issue. One can make the argument that higher investment by suppliers leads to higher levels of trust in the OEM: Less investment may lead to more conflicts between the parties, which in turn deteriorates trust. Alternatively, one can argue the reverse causality in our second hypothesis: An improved trust relationship leads the OEM to induce more competition in procurement.
The latter argument is perhaps less convincing. In any case, in the following we refer to correlation between trust and competition rather than causality.
36 We also performed the regressions below with the individual measures. The results are qualitatively the same, though the significance levels vary, mainly due to smaller numbers of observations. Using a non-normalized measure also does not significantly alter results.
Trust and Investment
Hypothesis 1 from our model states that higher levels of trust should be associated with more relationship specific investment by suppliers. Measuring supplier investment poses a serious challenge. As we do not observe product-specific investment directly, 37 we apply proxies based on the quality of parts. It is a standard interpretation of quality related effort in the literature that supplier investment directly affects the failure rates of parts (see, for example, Taylor and Wiggins (1997) ).
Along these lines, respondents were asked: With respect to the part considered, how often do quality problems occur?, measured on a 5-point scale, with 1 identifying the lowest and 5 the highest frequency. We create a dummy variable which takes the value 1 only if no quality problems occur, that is a 1 was reported for the quality question.
In general, severe difficulties would arise when trying to assess under-investment-related quality issues empirically, as a) the observed failure rates of cars cannot necessarily be linked to individual parts, b) the diligence of the manufacturer in assembly also affects quality and c) if quality problems are diagnosed and solved before the parts are installed, this is generally not observable. The huge advantage of our questionnaire is that the responses are part-specific, which addresses issue a). The phrasing of the question addresses issue c), as it was meant to include all of the development and production phases involving the part in question. By including customer-or OEM-effects in the regressions, we address issue b).
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We choose the following Probit specification, with y ij denoting the probability that no quality problems arise with part i at OEM j, κ a constant, α the customer fixed-effect, and Z representing the control variables (dummies for the technological sophistication and size of the part, the interaction term, and the supplier revenues in 2007):
Our hypothesis predicts a positive coefficient for β. We estimated the model with 37 In our qualitative interviews, the suppliers stated that even they themselves have difficulties in specifying the development costs or the capital outlay for the production of a particular part.
38 A potential drawback is the fact that the frequencies are self-reported, so that respondents may be tempted to under-report problems. To counter this, complete anonymity was guaranteed at the outset of the study.
39 To address the original question, we also perform ordered-Probit regressions, the results can be found in the same Table 3. Notice that due to the phrasing in the definition of the dummy, the effects in these regressions move in opposing directions.
and without customer dummies. The results of the regressions can be found in the following ♠ probability of not observing quality problems, average marginal effects and (p-values) reported; ♥ frequency of quality problems arising, coefficients and (p-values) reported; * significant at 10%; ** significant at 5%; *** significant at 1% Consider the results of the Probit estimation first: The coefficients of the trust variable are indeed significantly positive, that is higher levels of supplier trust are associated with less frequent quality issues. The size of the coefficients is definitely relevant from an economic perspective. Increasing trust by one standard deviation coincides with a decrease in the probability of quality problems by more than 8%, if one disregards the identity of the customer. If one controls for the identity customer (OEM dummies) then there is an even stronger effect that corresponds to more than 13% difference. The difference between the two values is in itself interesting. One explanation is that the OEM undertakes a complementary investment, in its absence both the supplier's trust and the quality of parts may decrease. In other words, the effect of trust on quality (via the suppliers' investment) is underestimated. In the ordered-Probit regressions, we find the same qualitative picture. Here, in the absence of customer fixed effects trust is not significantly correlated with investment, while controlling for customer fixed effects we obtain a strong and significant relationship with the expected sign. It is less surprising that composite/large parts are 20% more likely to generate quality/investment problems.
Overall, we conclude that the evidence from the results supports our first hypothesis:
As far as investment can be measured by the (inverse) frequency of quality problems, higher levels of trust are associated with higher levels of investment by the supplier.
Trust and Competition
Our second central hypothesis is that higher levels of trust should be associated with more competition induced by the OEM. The supplier faces attempts at rent extraction by the OEM either through the exploitation of the hold-up situation, or through competition at the investment stage. More competition may then be associated with higher levels of compliance to property rights by the party with the superior bargaining power, and therefore higher levels of trust.
In view of the structure of our data, our model predicts a specific pattern: A positive association of trust and competition in the development phase, in which the supplier undertakes the relationship specific investment. The forces that drive this positive relationship are not in place in the pre-development (this phase is supplier specific but not model specific), or in series production (in this phase the tools used by the supplier are typically owned by the OEM). In line with our model, therefore, we would expect as an additional test of the theory a significantly weaker relationship in these phases. Notice that the extant literature on relational contracts literature would predict a negative relationship between competition and trust.
Our empirical test is therefore to analyze how supplier competition in the different stages of production -measured by the number of parallel suppliers involved in the pre-development, development and production of the specific model, respectively -are associated with our trust measure. In the basic specifications we use OLS as we are mainly interested in the correlations between the variables. Taking the structure of our data into account, since significant shares of the observations are at the lower limit of 1 supplier we also perform Tobit regressions. In the following specification y ij is the number of suppliers employed by customer (OEM) j for part i, κ a constant, x is the trust measure and Z the vector of control variables discussed before.
According to our second hypothesis we would expect a positive sign for β in the specification for development. ♠ (p-values) reported; * significant at 10%; ** significant at 5%; *** significant at 1% The results of the OLS (Table 4 ) and the Tobit ( ♠ (p-values) reported; * significant at 10%; ** significant at 5%; *** significant at 1% of the average level. We take this to be strong support for our second hypothesis.
Considering the results in the other stages sheds further light on the issue and corroborates our characterization of the different phases. Noticeably, for the pre-development phase, none of the controls, including the size and sophistication of the part play a significant role. This reflects the observation that the non-model-specific fundamental research involved at this stage follows a different set of rules. It is often initiated purely by the upstream suppliers, and when it is not, the greater uncertainty involved in the project gives an additional incentive to involve more firms. On the other hand, the pattern of the other coefficients for series-production is very similar to the development stage.
Further down the line in the product development life-cycle, as it becomes progressively easier to specify contractual details and product characteristics, the procurement phases are more easily comparable. One distinguishing feature between the development phase and series production though remains. Once the blueprints exist, the need for relation-ship specific investment by the supplier is substantially reduced. This is reflected in the difference in the importance of trust for the production procurement decisions and provides further support for our second hypothesis.
Concluding Remarks
Trust is an important ingredient in almost all meaningful social and economic interactions. While, largely due to availability of data, most empirical research on trust has focused on the willingness of individuals to trust others in general. We are here able to shed light on the role of trust as fostered or squandered in pairwise economic relationships. We first propose and model an intuitive definition for trust: In a bilateral relationship involving a hold-up situation, we define trust the belief by the party with the weaker bargaining power, that its counterpart will not exploit its stronger bargaining position by appropriating the whole surplus from the relationship.
We are then able to document how an OEM's investment in supplier trust, characterized by the OEM decision to forgo (often short-term) opportunities of appropriating rent, can pay off. Contractual relationships characterized by higher levels of trust are associated with significantly higher investment by suppliers, resulting in fewer failures and callbacks on the parts supplied.
More surprisingly, we also show that higher levels of trust by suppliers are associated with the downstream procurer's decision to have a larger number of upstream suppliers compete for the development, or production contract. In other words, more intense upstream competition is a substitute for the buyer's decision to exploit an existing hold-up situation. Indeed, the OEM that does not extract surplus using its superior bargaining power can appropriate a larger share of the surplus by increasing competition among suppliers and in this way enhancing its (endogenously determined) outside option without affecting the suppliers' incentives to invest. 
Appendix: Descriptive Statistics
